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Formable aluminium alloy sheet product.

@ An aluminium sheet product is formed from an alloy
containing Fe 0.6 - 1.0%, Si 0.5 - 0.9% and Cu 0.3 - 0.5%
and inciudes Ti and B in conventional grain refining
amount. Mn is permissible in amounts up to 0.2 - 0.3% but
is preferably held below 0.1%. The Mg impurity content is
preferably held at a very low value so as to avoid difficul-
ties with adhesion of lacquer.

The principle use of the sheet product is for the
production of bottle closures and for that purpose it is
preferably produced in a thickness of 0.15 - 0.25 mm. and
in a quality having a low percentage earing and fine grain
size. For this purpose the sheet is subjected to a temper
cold rolling reduction of 30 - 60% after the last interanneal-
ing treatment. No homogenisation treatment is required
before hot reduction of the cast ingot and no precipitation
heat-treatment is applied to the hot-rolied product before
cold rolling.
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The present invention is concerned witn an
aluminiun alloy slheet nroduct, prinarily intended for
use for vackaging vurposec, vut also useful Tor othexr
purposes when praduced in apprepricte thickpess, Omall
grain cize ig iuncrtant in aluminivm alloy sueet oroduct
intencded to be formed into a product winich may be

Jjudged by surface appearance. A shaet product is today

e

considered to be commercilally acceptable when grsin

size 1 even as high as 200 microns. fowever s product
S L8

Pt
having a grain size in the range of 50 - 70 micrens
o

greatly preferred for reaccns of superior appesrance.

0

Although the invention is described primarily
with reference to a sheet nroduct for the preduction of
bottle closures, which require a sheet product of a
thickness in tkhe range of 0.15 - 0.25 mm., the inventicn
is epplicable to sheet preducts in a thickness range of
3 mm. &3 required Tor prezesings for kitchen utensiis,
down to 15 microus for very thin aluaminiuve foil.

Lsrge gusntitices of aluzinium alloys are usced
for the production of bottle closures and sinilar
purposes, such as srocvcticon of can ends and foil
containers. For bettle closures taoere is & &

e
r sheetl having good forrability in conjunction with
e ce €

strength to withstand thne fTor
o)

carbonated neveragpes, counled with gooa lacguer

N

zdhesion, since a closure formed from the sheet will
cone inte contact with liquids, particularly beveragss.

will be clear thot provided requirecd
Yacquer adhesion and formability characteristics are

present; an increasse in the strength cheracteristics of
e
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alloys enmployed Tor the same
vurposc, can lsad to substevtlal econonies, because 1t
G

N v s 4 42 - L A ST SIS R R A T o e D o
PerMmIUs ULL s4ateT U8 e 2LnlioYed 2T a8 L0wel 12U

Cde 3 p s . R oy o c3 ™, NP b
(tilcemmiess ) to perdor: a particusar funcition. ¥er
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instance a thickness reduction of as little as 0.01 mnm.
(about 4%) can lead to significant economies in the
production of bottle closures and other similar
articles.

Similar economies can be achieved if expen-~
sive long-time, high-temperature heat treatments can be
obviated. '

It is well known that the presence of magnes-
jum oxide in the oxide surface layer on aluminium
reduces the lacquer adhesion characteristics of an
aluminium alloy sheet and for that reason it is already
common practice to restrict the Mg content of an Al
alloy for packaging to impurity levels, so that the Mg
level of many known alloys for the present purpose is
commonly no more than 0.05%. Such alloys can be
considered as Mg-free and the alloy of the present
invention is an alloy of that class.

Bottle closures sre frequently externally
printed. The printed message is applied to the flat
sheet before the individual closure blanks are staumped
out of the sheet and drawn into closures. In order
that the printed message shall not become unduly
distorted in the drawing operation for deep drawn
closures of the pilferproof type it is important that
the earing value exhibited by the sheet does not sub-
stantially exceed 2%, although this is less important
with shallower closures, which are not printed on the
skirt. Higher earing values are acceptable for shallow
closures of the clip-on type; also for shallow
containers of the type employed for packing individual
portions of foodstuffs.

The earing value exhibited by an aluminium
alloy sheet is dependent both upon the alloy composi--
tion and upon the conditions under which the sheet
prodiuct 1s produced from the initial as-cast or hot-
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rolled slab. In particular earing at 45° to rolling
direction tends to increase with increase in the
percentage cold reduction applied during temper rolling,
that is to say, cold rolling applied after the final
annealing heat treatment to increase the strength of
the product. For packaging purposes, particularly for
the production of bottle closures, it is desirable that
the alloy should be capable of being processed to
exhibit a low earing value after a large final percen-
tage reduction (in excess of 30%) by temper rolling.
According to the present invention an
aluminium alloy sheet product is produced from an
aluminium alloy bhaving the composition :

Fe 0.6 = 1.0%
Si 0.5 -~ 0.9%
Cu 0.3 = 0.5%
Mn up to 0Q.3%

Ti+B in conventional grain refining amount
(Ti+B 0.006 - 0.06%)

Others up to 0.15% total and 0.05% each
Al balance

It is preferred that the Fe and Si contents
should each be in the range 0.6 - 0.8%¢. The Fe + Si
content should preferably not exceed 1.6% and should
preferably be in the range 1.30 - 1.50%. When Fe + Si
content rises above 1.6% earing progressively
increases. The ratio Fe/Si preferably is not less than
1.00 so as to control grain size. The ratic Fe/Si
should not be less than 0.9 and preferably does not
exceed 1.4.

Mg content is preferably no higher than ©.02%
and even more preferably no higher than 0.01% to avoid
all possibility for requirement of surface treatment
to remove surface oxide before lacquering.

Manganese is preferably in an amount no nore
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than 0.2% and usually is present in no more Lhan
impurity emount (below 0.0%5). FHowever it nay be
desirable tc¢ add nanganese in amounts up to C.%? to
improve the strength of the allcy where a relatively
large grain size is of lesser importance.

It is already well known to produce
aluminium alloy sheet for producfion of bottle
closures in an alloy containing 1% Mn and 0.3% Cu,
usually with a small addition of chromium. However
such alloy required prolonged homogenisation heat
treatment of the ingct before hot rolling in corder
to achieve appropriately low grain size and low earing
values in the final cold-rolled sheet product.

The alloy of the present invention results
in the production of an alloy sheet product which has
similar strength and earing characteristics té that
known product, but which is easier to produce because
no homogenisation of the ingot is required to maintain
the grain size =zt an acceptsble level. In conseguence
the cost of processing the alloy to the final sheet
product is reduced in relation to the known manganese-
containing alloy sheet.

It is already well known to produce an
aluminium alloy sheet containing 0.75% Fe and C.75% Si.
The material has substantially lower strength than the
alloy sheet of the present invention when produced in
a temper suitable for production of deep-drawn closures
and is therefore not competitive with other known
products for that purpose. ' _ '

As compared with the known Al-ln-Cu z2ziloy the
low level of Mn content leads to a reduction in the
grain size and perzits a greater reduction by temper
c0ld rollirng without giving rise to high earing values.
As the Mn content of the alloy of the invenilicen is
inereased from an impurity level cf telow 0.0%%: to
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0.2 - 0.3% the grain size and earing value somewhat
increases but there is some advantageous increase in
tensile strength, for a given final temper rolling
reduction. '

In the production of hottle closures it is
inmportant that the sheet is of consistent strength
qualities. IMaterial thet is stronger than the speci-
fied strength can lead to difficulties in the produc-
tion and utilisation of bottle closures, particularly
bottle closures of the pilferproof type.

In the production of bottle closures (and of
other articles formed by drawing circular blanks) very
large amounts of scrap are generated as a result of
punching the circular blanks out of sheet. This scrap
is customarily recycled to the sheet producer.

It is far.simpler (and therefore less costly)
to maintain uniform quality when the number of alloying
constituents is kept small, particularly when a large
proportion of recycled scrap is employed. Bearing ifi
mind that the levels of Fe and 51 always require control
in aluminium alloys, the alloy of the present invention
requires only addition of Cu, as compared with Mn, Cu
and Cr in the known alloy referred to above and is
therefore advantageous over the known slloy from that
aspect. It is also one of the reasons influencing a
preference to holding the Mn content of the present
alloy to a level of less than 0.1%.

Al-Fe-Si alloys, containing Cu additions, in
accordance with the invention have been examined experi-
mentally in the laboratory using 63.5 mm. thick D.C.
ingots rolled by a practice designed to simulate the
homogenisation and rolling practice used commercially
to produce closure stock from manganese~containing Al
alloys. The two alloys used were as follows:i-
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Tdentity |Cu % |Fe % | Mg % | Mo % |81 % [Ti% |20 %
A 0.728 10.76 | <0.01 |<0.01 | 0.71 | 0.023] 0.01
c2 0.329 |0.78 ] <0.01 t 0.19 '0.75 0.02 10.01

These were homogenised at 610°C during 9-10 hours,
cooled to 57000 and hot rolled to 19 mm., reheated to
45000 and hot rclled to %.6 mm. to simulate a practice

employed for the known Al-Mn 1% alloy.

The

slab

temperatures at that point were about 17000, i.e. much
lower than in commercial rolling.

After cold rolling

to 0.91 mn. the material was annealed at 38000, cold
rolled to 0.3%3 mm., annealed again, and finally cold
rolled to 0.23 mm., i.e.~30% cold reduction, after

annealing.

The strength, earing and grain size of the

final sheet material are given in the table below.

Also included are the properties of three known alloys,
temper-rolled to an approximately equivalent condition,
and subjected to the same homogenisatiOn treatment before

hot rolling, except for the Al-Fe-Si zlloy.

Identity 0.2% U.T.S.{ Elong. | Earing |Grain Size
Proof
Stress ,
(MPa) | (MPa) % % (Microns)
C1 145 154 2% 0.8 45
C2 151 160--184 2 1e3=2e% 45=55
Al/1% Mn 137  N50-155f 2 1.3 150
Al-Fe 0.75% -
Si 0.75% 12% 138 2 1.9 60
A1/Mn 1%/
Cu 0.4%/
Cr 0.2% 174 183 2 2.4 80-120

This shows that the addition of ~0.4% Cu to
the known Al-¥e-95i alloy produces a strengthening and

that in this condition its properties are sinilar to
those of the known Al-1% Mn alloy.
the homogenisation treatment has failed to reduce the

It can be seen that

grain size of Al-1% In slloy to the preferred level.
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The effect of the Cu addition to the known
Al-Fe-Si alloy will be seen to increase the strength of
the cold-rolled sheet product by at least 1C% while
retegining advantageous earing characteristics and fine
grain size, so that it allows a thickness reduction of
the crder of 10% without loss of overall strength.
When Cu is added in amounts below 0.3%% the increase in
strength is less and the product is insufficiently
strong as to be competitive with other known products
which exhibit the desired low earing value and small
grain size. When the Cu content is raised above C.5%
the formzbility and corrosion resistance of the slloy
declines.

It was predicted that increasing the cold
reduction of alloy C1 to epproximately 40% and 50% to
give either H.15 or H.16 temper would raise the U.T.S.
to 179 MPea and 183 MPa respectively under these
laboratory conditions. Increased temﬁer rolling
increases 45° eafing but it is known that the low hot
mill slab temperature in the laboratory trials will
have accentuated the 450 earing in comparison with
comrercial rolling conditions, hence the earing at the
higher reduction of #C-50% would still be expected to
be within the 2% maximum required, and this was
confirmed in further trials.

These further trials were carried out on a
larger scale, in which the specification of the alloy
was as follows:-

Others

Cu | Fe | lg| S8i | Ti |ZEach [Zotal

% max. 0.45 | 0.80 | 0.01| 0.80 | 0.C5 ] 0.05 1 0.15
% min. 0.35 { C.e0 - C.60 | 0.02 - -
% nominal| 0.40 |0.70 | - | 0.7010.03| - -

he ingots employed in this trial were full-
size commercial rolling ingots. After scalping the

ingots were preheated to achieve temperature eguali-~
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sation before rolling by holding at 570° - 580°C for

& hours, compared with a typical practice for hono-

genising Al-1% Mn alloys, which involves holding a% a

tenperature of 590—62500 for 12-70 hours.

The ingot

was then hot-rolled to hot-mill coil materisl at a

thickness in the range of 3-4 mm.

This was then ¢old

rolled down to closure stock gauge with final tenmper

reductions of 40% and 50% respectively.
applied to the ingot before hot rolling was typical of

The heating

the heating conventionally employed to ensure that a

large ingot is brought to a wniform temperature and is

typical of that applied %o unalléyed sluminium ingot

befere hot-rolling.

Properties obtained were as follows:-

Temper |0.2% P.S5. | U.T.5. | Elong. 'Eaging Grain Size
(MPa) (IPa) % % (Microns)
H15 158 168 12 ¥1.6 63
H16 165 180 2 1.9 61

The above noted properties are those obtained

before the sheet is lacquered.

The application of

lacquer is conventionally followed by a stoving treat-

ment, which leads to some annealing and reduction in

the strength of the sheet.

Since there is a possibility that the use of
this alloy could be extended to other applications
reguiring higher strength but not necessarily such good
earing behaviour, harder tempers were assessed. TFor

this purpose samples of a hot-rolled mill coil were

subjected to four rolling practices, chosen for evalu-

ation, These were zs fcllows $-

A, ©Cold rolled %o 0.040 in. (1 mm.), annealed, cold
rolled to 0.0145 in. (0.37 nm.), annealed and

temper-rolled to 0.C087 in. (C.22 mm.).
B. Co0ld rolled to 0.040 in. (1 mm.), anuesled,
cold rolled to C.009 in. (0.23 nm.).

o®
Y,
ol
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cC. Annealed and cold rolled to 0.C0C in. (0.23 um.).
D. Cold rolled (without annealing) to C.C02 in.
(0.2% mm.). '

Practice A was effectively the practice of
the foregoing large scale trials to produce H.15 temper.
Annealing was at 380°C for 2 hours. One edge and oue
centre of the hot-rolled mill coil sample was rolled by
each practice.

Earing and tensile tests were carried out on
the material at final gauge. Grain sizes werc deter-
mined for practices A, B and C either at the last anneal
stage or, as in the case cf practice C, after some cold
rolling. In addition, material from practices C and D
vere treated, before tensile testing, for 20 mins. at
20500 to simulate a fairly severe stS%ing treatment
after lacquéring.

The results of the tests are given in the
table below. The strength increases progressively with
cold rolling reduction as would be expected., However,
for the practices C and D there is little to chodée in
mechanical properties between material auncaled at the
hot mill ceil stage and that which has not been
annealed.

The amount of 450 earing increases with ccld
rolling and it can be shown that this increase is
approximately linear with the cold reduction when it is
expressed as a true rolling strain. Hot mill coil
annealing results in only a marginal reduction in the
caring resulting from practice C as compared with
practice D,

The grain sizes were all fine, the coarsest
being as expected that of material annealed at the hot
mill coil stage with a grain size of around 50-70
microns. Both the A and B practices gave grain sizes
finer than those quoted for some commercially produced
material for vottle closures.

BAD ORIGINAL @
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The properties obtained are recorded in the
following table.

Practice Sample | Earing] 0.2% U.T.S.| Elong. Grain

Hize
% MPa | MPa % _Microns

A edge 1.0 | 153 14 1 32

58 . _

Reduction middle | 0.3 |48 | 160 2 30

Temper

B edge 74 | 104 209 2 27

78%

Temper ‘ middle 6.6 | 165 $208 2 31

Reduction

C . | edge 9.7 | 221 247 3 68

H19

ud% _ -

Temper middle | 11.6 | 221 246 2 48

Reduction

D edge 13.4 | 218 | 244 2 -

H19

4%

Temper middle | 11.8 | 224 | 250 2% -

Reduction

C (stoved) edge - | 166 | 181 2 -

N [@] *

20 wins.2057Y nigate | - |apm 1183 | 2 -

D (stoved) edge - |77 |189 | 2 -

20 mins.205°¢ midale = |76 | 18 | 2% -

It follows from the above figures and from
the tests stated earlier herein that the final temper-
rolling reduction should not greatly exceed 50% (should
not be more than about 60%) so long as it is desired to
retain an earing value below or not greatly exceeding
. The tewper rolling reduction should not be much
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less than 306 to achieve a minimum U.T.S. of 1150 liPa.
However where strength, as opposed to low earisg values,
is of greater importance, as for instance in the case

of aluminium foil for domestic use, then it would be
preferred to use temper rolling reductions in sxcess of
80%. |

The sheet products produced from the different
compositions described herein all exhibit grain sizes
substantially below a commercial acceptable limit and
indeed all show a grain size below 100 microns.

It will be noted that no heat treatment of the
hot rolled slab before commencement of cold-rolling was
employed in vractices A and B, whére annealing was
applied at an intermediate stage or stages in the cold-
rolling schedules. The initial annealing treatment
employed in practice C showed little if any advantage
over practice D.

The sheet product of the present invention is
& work-hardened product and its production does not
involve any precipitation heat treatment of the product
after the completion of hot working. ©Subsequent heat
treatment of the strip is limited to annealing at
intermediate stages for recrystallisation to effect
control of earing and for softening the material to
reduce the work involved in subsequent cold rolling
stages. Where earing characteristics are of litfle
importance it can be seen from the above resulfts that e
product can be produced without any annealing stage.

All percentages and ratios relating to alloy
conpositions herein described are by weight.

BAD ORIGINAL @B
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The wethod of producing the alloy sheet product
of the present invention has been described in terms of
its production on a commercial scale from a conventional
commercial rolling ingot which has a thickness such that
it requires substantial thickness reduction by hot rolling
before being subjected to reduction by cold rolling.
The alloy employed for the production of the sheet product
is however .capable of being cast at a thickness suitable
for reduction by cold rolling alone by the use of various
forms of strip caster, such as the well-known Hunter
twin-roll strip caster, which typically produces cast
strip in a2 thickness of 5-8 mms.

The cast strip of the present alloy produced in
that way may be reduced to the appropriate thickness by
cold reduction alone and without any precipitation heat
treatment of the cast strip. It may be desirable to apply
a conventional recrystallisation annealing treatment before

ard/or during cecld reduction of the cast strip.

BAD ORIGINAL _gﬁ '
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1. An aluminium alloy sheet product formed of an
alloy having the composition

Fe 0.6 = 1.0%
Si 0.5 - 0.9% p
Cu 0.% - 0.5%
Mn up to 0.3%

Ti+B in conventional grain refining amount
(Ti+B 0.006 - 0.06%

Others up to 0.15% totsl and 0.05% each
Al balance.

2o An aluminium alloy sheet product formed of an
alloy having the composition
Fe 006 - 0080/’

Mn up to 0.2%

Ti and B in conventional grain refining amount
(Ti+B 0.006 =~ 0.06%)

Others up to 0.15% total and 0.05% each

Al balance.
% An aluminium alloy sheet product according to
claim 1 or 2 in which the impurity content of magnesium.
is held below 0.0%.
4, An alunminium alloy sheet product according to
claim 1, 2 or 3 in which the combined content of ircn and
silicon is held below 1.6%.
5. An aluminium alloy sheet product according to
claim 1, 2 or 3 in which the combired content of iron
and silicon is held in the range of 1.3C - 1.50%.
6. An aluminium alloy sheet product according to
any preceding claim in which the ratio of iron/silicon
is above 1.00.

BAD ORIGINAL @) |
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7e An aluminium elloy sheet product accordirg to
any of claims 1 - S5 in which the ratic of iron/scilicon
is in the range of 0.9 - 1.4.

8. An aluminium alloy sheet product accoxrding to
claim 1 in which the manganese content is held below
0.2%.

9. An aluminjum sheet product according to

claim 2 having a thickuness in the range of 15 microns
to % mm. ’

10. An z2luminium sheet product according té claim

2 or 9 in which the product has been subject to 30-60%
reduction by temper rolling and is characterised by an
earing value of no more than 2%, a U.T.5. in excess of
150 MPa and a grain size below 100 microns.

M. An aluminium sheet product according to

claim 10 having a thickness in the range 0.15 - 0.25 mm.

BAD ORIGINAL Q
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